This chapter will present a step-by-step account of how the clinician may develop and customise the upper rim to create a (replacement) prosthesis which conforms to the facial contours and dental/peri-denture constraints, while taking cognisance of the patient's age and denture expectations.
Succeeding chapters will address the recording of intermaxillary relations and tooth selection respectively. In clinical practice, dentists receive upper wax rims that are duly moulded into the form of the upper denture at the chairside. The precise form of the upper wax rim or block depends, essentially, on how the technicians were taught. In essence, considerable variation probably exists among technicians with regards to the positioning of the labial face of the rim. The consequence of this is that it is often a matter of chance that wax has to be removed or added to the upper rim. In an attempt to save clinical time, and at the same time render the upper rims more appropriate in form for each patient, two techniques have evolved: the biometric technique and the Swissedent technique. Both will be described for interested practitioners and their technicians, as they both have the advantage, in theory, of saving chairside time.
Watt and MacGregor outlined the principles of 'biometric' guidelines to help compensate for facial changes following tooth loss, predominantly in the maxilla. 1 In essence, they advocated that the replacement upper teeth be placed in mean pre-extraction positions; these averages were determined over a 30-month period in a group of patients rendered edentulous. The 'fixed' points of reference taken for measurements were the remnants of the lingual gingival margin (LGM) (Fig. 1) . Average values for maxillary teeth of replacement dentures are shown on Table 1 .
The biometric principle
The biometric principle has much merit in that it helps to compensate for post-extraction bone loss by placement of the denture teeth in perceived pre-extraction positions. A further advantage of placement of the maxillary (denture) teeth labial/buccal to the residual ridge is that this promotes lower denture stability. The placement of the upper posterior teeth buccal to the maxillary ridge, in addition to compensating for the resorption pattern of the maxilla, also means that their palatal cusps may be placed over the mandibular ridge crest. In practice, the palatal cusps will therefore occlude into the central fossae of the lower posterior teeth, thereby directing occlusal forces onto the residual ridge. (Fig. 2) . The procedures to be followed for the papillameter reading are as follows:
• Place the papillameter inside the patient's upper lip and let it rest on the incisive papilla.
• Add addition-cured polyvinyl siloxane (PVS) putty to the papillameter and mould the upper lip to restore the vermilion border. In younger patients, the philtrum may be restored but this may not be possible in older patients (Fig. 3a ).
• Determine how much of the upper incisor will be shown under the upper resting lip length (vide infra).
• Level the PVS at the incisal level and record the reading from the graduated scale on the papillameter (Fig. 3b ). also be used to help determine the upper lip form which is well perceived by the patient. Equally, the Alma Gauge 3 (Fig. 4 ) may be used to produce an upper rim (ACB) with equivalent dimensions, labially, to previous or current dentures that are considered adequate. In essence, the Alma Gauge comprises a graduated table and a spring-loaded pointer that is also graduated. The denture being 'templated' is placed on the graduated table and the pointer placed in the impression surface of the denture in the middle of the area occupied by the incisive papilla. The distance from the pointer to the incisal tip of the central incisors may be read off the (horizontal) graduated scale on the table.
The vertical distance from the pointer tip to the incisal tips is then read off the graduated scale, giving a three-dimensional reading from the incisive papilla to the incisal tips of the central incisors.
The second measurement concerns the anterior width of the upper rim and for this a calliperlike device called an alameter is used. The alameter's usage is based on a reasonable clinical guideline, namely that the width (ie horizontal distance) between the alar cartilages in a smiling patient is broadly speaking comparable to that of the canine tips (Fig. 5 ). This reading enables the technician to evaluate the width of the upper rim, assuming that there is symmetry about the palatal midline.
Preparation of the upper rim
Upper rims comprise bases and rims. The bases may be made of wax, thermoplastic resin or of (poly) methylmethracylate (PMMA) while the rims are generally made of wax. Table 2 lists some of the materials, which may be used as bases for recording rims, with indications of effectiveness. In general, bases for occlusal rims/aesthetic control should be:
• Well adapted and conform closely to the master cast • Stable, on the cast and in situ • Free of voids or surface projections on the impression surface • No more than 1 mm thick over the residual ridge to prevent the base interfering with the placement of the denture teeth
• 2 mm thick in the post dam area of the maxillary denture (and 2 mm thick in the lingual flange of the mandibular denture) to impart rigidity • Easily removed from the cast • Smooth and rounded so as to reproduce the contours of the master cast • Constructed in materials that are dimensionally stable at oral temperature.
As wax bases do not provide stability per se, their usage is not encouraged. Thermoplastic resins tend to be brittle and, as they lack the versatility of PMMA, they no longer enjoy widespread usage in clinical or laboratory practice.
Depending on the preference of the clinician and/or the technician, bases may be made of auto-polymerised PMMA, light-cured PMMA or processed PMMA; all provide adequate potential stability although they vary in their PRACTICE prosthetics Table 2 Common materials used as bases for record rims levels of tissue-fit. In theoretical terms, however, the processed bases tend to be superior. 4
Technical aspects of rim preparation
Unless the clinician has cast the definitive impression and has scored the master cast to define the post dam (Fig. 6a) , the rim will not exhibit a clinically-meaningful peripheral seal. This may be achieved by the technician relieving the master cast in 1 mm wax, but stopping this relief 2 mm short of the vibrating line, thereby incorporating a form of post dam inherent in the denture base. The clinician must be aware however that this would not conform to the anatomy of the tissues comprising the patient's post dam (Fig. 6b) . It would, however, provide an acceptable peripheral seal as long as the functional width and depth of the sulci were faithfully restored in wax.
Using the papillameter and alameter readings, the anterior aspect of the rim may be customised, in wax, to permit early visualisation of the aesthetic form of the upper denture. The alameter reading further helps the technician customise the rim by establishing the (horizontal) inter-canine distance customised for each patient.
The posterior aspect of the rim is also made of wax and resembles conventional record rims (Fig. 7) .
Clinical stages in determining the form of the upper rim
There are eight clinical stages, these are described below:
• Before immersing the rim in disinfectant material, in keeping with conventional infection control procedures, and prior to inserting the rim into the mouth, the clinician should ensure that the rim is well adapted to the master cast. Alternating finger pressure on each side of the rim should not elicit a rocking of the rim on the cast. • When the rim has been inserted into the mouth and the clinician has ensured stability of the rim, the first clinical step is to ensure that the infra-nasal tissues are harmonious with the soft tissues of the middle third of the face. Failure to do this may affect the form and length of the upper lip (Fig. 8) , by raising the lip inappropriately.
• Confirm that the upper lip is adequately supported. This should result in restoration of the vermilion border and may result in restoration of the philtrum although, as has been mentioned, this may not always be desirable or possible (Fig. 9) . Some clinical guidelines recommend that the vertical naso-labial angle should be 90°, although recent research casts doubt on the validity of this guideline. 5 • When the upper lip has been restored appropriately for the patient, it is then practical for the clinician to determine the position of the incisal point relative to the resting lip. While some textbooks recommend that the incisal level of the upper rim is 2 mm inferior to the resting upper lip, the clinician should temper this by deciding what is appropriate for each patient. Younger patients may reasonably be expected to show 4-5 mm of tooth beneath the resting lip, especially if the patient had a Class 2 division 1 profile. In contrast, a 70-year-old patient might be best suited by having the incisal point level with the resting lip, or possibly 1 mm above this (Fig. 10) . Antero-posterior verification of the placement of the incisal point may be achieved by asking the patient to say a word containing a fricative consonant (labiodental sound) eg 'fish'; in general terms, the incisal point should correspond to the vermilion border of the lower lip. 6 • The next step in this clinical exercise is to determine the upper anterior plane. Given the position of the incisal point, the plane of the upper six anterior teeth is usefully determined by making it parallel to the interpupillary line. This may be done using a Fox's occlusal plane guide (Fig. 11) or any device giving a horizontal plane eg a wooden spatula.
When this has been performed, there is merit in determining the position of the mid points of the upper canine teeth. One useful way to record this is to use a photograph of the patient when the patient was dentate. A clear, face-on photograph is required for this and, regrettably, these are not always available. Using the pupils as stable reference points, the clinician may determine the relative position of the upper canine teeth using the ratio shown in Table 3 . This simple mathematical model, using different terms, is often used in endodontics to determine the working length of a root canal.
A second useful technique is to extend dental floss from the inner canthus of the eye, via the lateral border of the alar cartilage (with the patient smiling) onto the incisal edge of the upper rim (Fig. 12) .
Using the canine points on the upper rim as reference points, the right and left posterior planes are formed. The accepted guideline is that this plane is parallel to the line drawn from the inferior border of the alar cartilage to a PRACTICE prosthetics Table 3 Ratio to help determine inter-canine width
Actual interpupillary distance Photographic interpupillary distance
Actual intercanine tip distance Photographic intercanine distance = position two-thirds of the way up the tragus (Fig. 13) . Again using the mark on the rim corresponding to the canine tips as a reference point, the buccal form of the upper rim may be moulded by reducing the inferior borders of the posterior rims by 3°to 5°. This procedure creates what are known as the buccal corridors and creates a more natural smile (Fig. 14) .
Before completing the customising of the upper rim, the following should be scribed clearly on the anterior aspect of the rim (Fig. 15): • Centre line • High smile line • Canine points.
The significance of these points will be made clear in Part 7.
With the upper rim in situ, ask the patient to smile; the upper rim should appear to be parallel to the lower lip line when smiling (Fig. 16) .
The posterior border of the upper denture should displace the mucosa overlying the aponeurosis of tensor palatii at the junction between the hard and soft palates. As the details of the displaceability of the tissues of the post dam are known only to the clinician, it is the sole responsibility of the clinician to scribe the appropriate extent and depth of the post dam using eg a Le Cron carver or similar instrument (see Fig. 6a ); if not done so prior to this stage, the clinician should ensure that he/she scribes the post dam appropriately.
Depending on the occlusal and stability requirements of the patient, the clinician may consider it necessary to use a facebow to transfer the relationship of the upper rim to an arbitrary hinge axis. Although it must be conceded that it may not always always be strictly necessary to use a facebow in all complete upper denture cases, we are now of the opinion that we cannot think of a valid reason not to use a facebow in the prescription of complete dentures. We firmly believe, however, that clinicians should consider the use of a facebow especially when a complete upper denture is opposed by a natural dentition or an implant-supported overdenture.
As the authors use a Gothic-arch tracing device (Fig. 12, Part 6 ) to record intermaxillary relations, we use a facebow transfer at this stage. For those practitioners who use upper and lower rims, the facebow transfer should take place after the lower rim has been adjusted to vertical, antero-posterior and coronal requirements.
PRACTICE
prosthetics Fig. 16 The occlusal surfaces of the ACB should be parallel to the smile line The facebow transfer, in this context, is used to transfer the relationship of the maxillary plane to the intercondylar axis on the patient. Once established, this relationship is transferred to the articulator in order that the casts of the edentulous maxilla assume the same relationship to the articulator's intercondylar axis. For complete denture work, a hinge axis facebow is not required and a simple facebow using an arbitrary axis will suffice.
In essence, a facebow is a calliper-like instrument used to record the spatial relationship of the maxillary arch to the temporomandibular joints and then transfer this relationship to an articulator; it orientates the (maxillary) dental cast in the same relationship to the opening axis of the articulator. Customarily the anatomic references are the mandibular condyles' transverse axis and one other selected anterior point. 7 In essence, a facebow consists of three components, a facebow fork, an anterior locator and a U-bow used to locate the condyles (the two posterior determinants).
As was mentioned earlier, the principal purpose of the facebow is to record the relationship of the patient's maxillary plane to the patient's transverse condylar axis and then transfer that relationship to the articulator. To transfer that plane, therefore, three points must be transferred. In practice, two are located posteriorly, to record the arbitrary transverse axis, and one anterior landmark (Fig. 17a and b) .
We recommend the use of a facebow transfer record simply because this ensures that the plane of the upper complete denture will be better aligned to the condyles and thus to the mandibular arch during mandibular movements. This is particularly important when complete upper dentures are opposed by a natural dentition (or a natural dentition plus a lower partial denture) as displacing forces on the upper denture may be profound. Without the facebow transfer, technicians tend to set up the upper rim parallel to the worktop; most patients do not walk around with their maxillary planes parallel to worktops. Clearly if the patient only exhibits vertical chewing movements, facebow transfers are not strictly necessary and because of this not all dental schools in the past taught their usage, although this practice would appear to be changing.
There is a range of facebows available, and the authors are not aware of any evidence stating that one is better than another; we believe that practitioners should be encouraged to use the system with which they are familiar and which is compatible with the articulator used by the laboratory/clinician.
The system demonstrated here is the Denar system and the reader will note that the posterior points are ear pieces and the anterior point is located 46 mm superior to the anterior rim of the ACB. 8 This measurement is arbitrary and is, conveniently, the mid point between the upper and lower arms of the articulator, hence there should be space in the articulator to accommodate both casts. In all types of transfer bow, for edentulous patients, the bite fork of choice is an edentulous facebow that should not therefore alter the form of the occlusal and incisal edges of the ACB (Fig. 18) . This means that for practitioners using the conventional upper and lower wax rim technique, this means that the edentulous facebow may be used.
This step completed, the clinician may now progress to recording the appropriate intermaxillary relations.
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